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(54) Wavelength tunable laser with diff ractive optical element 



(57) A wavelength tunable laser resonator (1 ) com- 
prises a first resonator end reflector (10) for reflecting a 
beam (5) of electromagnetic radiation towards a second 
resonator end reflector (20), said second resonator end 
reflector (20) for reflecting said beam back towards said 
first resonator end reflector (1 0), said first and second 
resonator end reflector defining a resonator having an 
optical path with a length, a gain medium (14) for gen- 
erating and/or amplifying and emitting said beam (5) to- 
wards said first and second resonator end reflector, said 
gain medium (14) being arranged within said resonator, 
a dlffracth^e optical element (40), which is arranged with- 



in said optical path, being adapted to filter a wavelength 
of said beam (5) of electromagnetic radiation and being 
designed to focus a portion of said beam (5) comprising 
said filtered wavelength towards said gain medium (14), 
wherein at least one of said first or said second resona- 
tor end reflector (1 0, 20) is arranged to be movable with 
respect to other optical elements within said resonator 
(1) for Increasing or decreasing said length of said op- 
tical path of said resonator (1 ), and wherein said diffrac- 
tlve optical element (40) is arranged to be movable with 
respect to said other optical elements within said reso- 
nator (1) for adapting said filtered wavelength to said 
increase or decrease of said length of said optical path. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a wavelength 
tunable laser with a diffractive optical element. 
[0002] Wavelength tunable laser sources are acquir- 
ing an increasing importance in industry, particularly in 
optical communication measurement device industry. A 
design of a wavelength tunable laser resonator having 
an external resonator is provided by O.T Cassidy & 
Michael Hamp In "Diffractive optical element used In ex- 
ternal feedback configuration to tune the wavelength of 
uncoated Fabry-Perot diode lasers", Journal of Modem 
Optics. 1999, Vol. 46, No. 7,1071-1078. 

SUMMARY OF THE INVENTION 

[0003] it is an object of the present invention to pro- 
vide an improved wavelength tunable laser resonator. 
The object is solved by the independent claims. Pre- 
ferred embodiments are provided by the dependent 

claims. 

[0004] According to embodiments of the present in- 
vention, the wavelength tunable laser resonator com- 
prises a first and a second resonator end reflector. Both 
reflectors are arranged to reflect an Incident beam of 
electromagnetic radiation towards each other, thus de- 
fining a resonator, in which resonance modes form as a 
result of the interfering electromagnetic waves. The res- 
onator end reflectors can be at least one of fully reflec- 
tive devices, semitransparent mirrors, retro -reflectors, 
Bragg-reflectors, etc. The optical path defined in length 
by said first and second resonator end reflectors can be 
arranged linearly along a line or can be redirected by 
means of a diffraction grid or a redirection mirror 
[0005] According to embodiments of the present in- 
vention any kind of resonator, e.g. a Littmann-resonator 
(as described in its basics e.g. in "Liu and Liftman, Novel 
geometry for single-mode scanning of tunable lasers, 
Optical Society of America, 1981"), a Littrow-resonator 
(as shown e.g. in EP-A-952643), etc. can be realized by 
the resonator end reflectors and other optical elements, 
however a linear resonator or a ring resonator, which 
comprises plane parallel optical paths, are most pre- 
ferred. 

[0006] The laser resonator also comprises a gain me- 
dium or element for generating and emitting the beam 
of electromagnetic radiation. Preferably, the gain ele- 
ment is a semiconductor, having waveguiding proper- 
ties. 

[0007] A diffractive optical element is arranged within 
the optical path defined by the resonator end reflectors. 
The diffractive optical element according to embodi- 
ments of the invention is designed to focus incident par- 
allel beams towards a focal point. As opposed to a con- 
ventional optical lens, the distance between the focal 
point and the diffractive optical element (DOE) strongly 



depends on the wavelength of the Incident beams. E.g., 

for a Fresnel zone plate the focal point distance is ap- 
proximately proportional to 1A,, using the paraxial ap- 
proximation and X being the wavelength of the electro- 

s magnetic radiation. 

[0008] As a wavelength filter the diffractive optical el- 
ement has to introduce wavelength dependent optical 
losses into the optical system comprising the resonator 
end reflectors and the waveguide structure of the gain 

10 medium. To achieve low optical losses the diffractive op- 
tical element has to transform the divergent beam, orig- 
inating from the waveguide structure, Into a beam, which 
matches with the geometrical conditions given by the 
resonator reflector. Beams deviating from that condition 

15 will partially or completely leave the resonator, which 
means an additional optical loss. Due to the wavelength 
dependent imaging properties of the DOE only one spe- 
cific wavelength fulfills that geometrical condition, deter- 
mined by the make of the DOE and the distance be- 

20 tween DOE and waveguide structure. 

[0009] The first and second resonator end reflectors 
are arranged, such that at least one of the reflectors can 
be moved with respect to the other optical elements 
within the resonator for increasing or decreasing the 

25 length of said optical path. Perfomiing such a move- 
ment, the wavelength of the resonance modes can be 
tuned. As a result of the tuning movement of at least one 
of the reflectors, a resonance mode selected by the 
wavelength filter due to the diffractive optical element 

30 shifts in wavelength and leaves the filter function wave- 
length range provided by the diffractive optical element. 
[0010] According to the present invention the diffrac- 
tive optical element is theref o re also provided to be mov- 
able with respect to the other optical elements within the 

35 resonator. Preferably, the diffractive optical element can 
be moved with respect to the waveguide structure to 
change the wavelength filter curve in dependence of the 
tuned wavelength. 

[0011] According to preferred embodiments, the dif- 

40 tractive optical element may comprise at least one of 
phase modulation structures or amplitude modulation 
structures. In both cases an incident beam of light is dif- 
fracted, such that superposition of electromagnetic ra- 
diation transmitted or reflected by the structures leads 

^5 to constructive or destructive interference. The struc- 
tures provided with the diffractive optical element are ar- 
ranged, such that a constructive interference Is enabled 
at substantially the same position In a distance from said 
optical diffractive element. 

50 [001 2] A preferred embodiment of a diffractive optical 
element is a Fresnel-zone plate. Non-transparent or 
phase-shifting structures are arranged as concentric cir- 
cles on a transparent medium alternating with transpar- 
ent circle structures. The periodicity of the circles In- 

55 creases with distance from the center of the circles. 
Thus, electromagnetic waves having a given wave- 
length are diffracted towards, e.g., an axis mnnlng 
through the centre of said concentric circles. The result- 
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ing diffraction angie is stronger for circle -phase or -am- 
plitude structures being more distant from the center 
rather than for those ones being arranged near the axis. 
The diffractive optical element according to the embod- 
iment of a Fresnei-zone plate thus acts as a lens having s 
a focal distance. 

[0013] Embodiments of the present invention offer a 
particular advantage, that a diffractive optical element 
can be realized as a substantially flat device. It can thus 
be arranged particularly near to the laser source or a 
resonator end reflector, while an image or focus dis- 
tance can be designed to be essentially small. Moreo- 
ver, the diffractive optical element serves as a wave- 
length filter and a collimator lens incorporated into one 
device. In a further embodiment, the wavelength tunable 
laser resonator comprises a control unit, which is con- 
nected each to a drive for moving at least one of the first 
or second resonator end reflector and a drive for moving 
the diffractive optical element. In response to a move- 
ment of one of the resonator end reflectors for tuning 
the wavelength of the resonator, the position of the dif- 
fractive optical element is changed. This position 
change Is perfomried with respect to the gain element 
and waveguide structure position. 
[0014] Preferably, a look-up table is provided with the 
control unit, that attaches resonator end reflector posi- 
tions to diffractive optical element positions. The look- 
up table is advantageously established once at an Initial 
tool setup. 

[0015] It is also possible to measure a current wave- 
length by means of a portion of a beam being coupled 
out by means of a beam splitter. The position of the dif- 
fractive optical element can then be adjusted in re- 
sponse to that direct measurement. 
[0016] Furthemnore an active control mechanism can 
be set up, where either one resonator end reflector or 
the DOE is dithered around a central position. Then, part 
of the laser light can be analyzed with regard to a phys- 
ical property like optical power or wavelength. From a 
phase sensitive analysis with respect to the dithering 
motion a control signal can be derived, which synchro- 
nizes the positions of the resonator end reflector and the 
DOE. 

[0017] It is to be understood, that further redirection 
mirrors or gratings redirecting the optical path within the 
resonator are to be considered as resonator end reflec- 
tors according to the present invention. A movement of 
these elements can tune the wavelength of a resonator 
and may thus advantageously be combined with the 
movable diffractive optical element as a tunable wave- 
length filter into one resonator. 
[0018] According to the present invention further min- 
iaturization of wavelength tunable laser resonators is 
advantageously fostered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Other objects and many of the attendant ad- 



vantages of the present Invention will be readily appre- 
ciated and become better understood by reference to 
the following detailed description when considering in 
connection with the accompanied drawings. Features 
that are substantially or functionally equal or similar will 
be referred to with the same reference signs. 

Fig. 1 shows a linear laser resonator having a laser 
diode as a gain element with a reflective back 
facet and a diffractive optical element accord- 
ing to a first embodiment, 

Fig. 2 shows a ring resonator having a diffractive op- 
tical element according to a second embodi- 
ment, 

Fig. 3 shows a linear laser resonator having a laser 
diode as a gain element, which is antiref lection 
coated on both facets, and a diffractive optical 
element according to a third embodiment. 

Fig. 4 shows a resonator with curved diffractive opti- 
cal elements. 

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION 

[0020] Fig. 1 shows a first embodiment of a wave- 
length tunable laser resonator according to the present 
invention. A laser diode chip 30 comprises a gain medi- 
um 14 and a back facet 16. Within the gain medium 14, 
a beam 5 of electromagnetic radiation is generated and 
emitted through a front surface 1 2 towards a diffractive 
optical element 40. The diffractive optical element 40 
comprises a Fresnel-zone plate having concentric cir- 
cles of phase shift modulation structures arranged on a 
transparent plate. A diffractive Fresnel lens such de- 
fined comprises a focus distance 100, which depends 
on a wavelength of light being transmitted through the 
lens. 

[0021] The diffractive optical element 40 is arranged 
in a distance towards the laser source 30, which is sub- 
stantially equal to the focus distance 100. As a result a 
portion of the beam 5 substantially having a specific 
wavelength corresponding to the focus distance, which 
is equal to the distance laser source - diffractive optical 
element, is collimated into a bundle of substantially par- 
allel light rays traversing to a partially-reflective second 
resonator end reflector 20. 

[0022] Beam 5 is substantially reflected back from the 
second resonator end reflector 20 and focused into an 
distance 1 01 towards the laser source 30 by the diffrac- 
tive optical element 40. Portions of beam 5 not corre- 
sponding to the specific wavelength leave the resonator 
due to not resulting in bundles of parallel light rays. The 
diffractive optical element 40 acts as a wavelength filter. 
With respect to the specific wavelength, the image dis- 
tance 1 01 is identical to the focus distance 1 00 in this 
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embodiment. 

[0023] The back facet 16 of the laser source 30 rep- 
resents a first resonator end reflector 10 thus defining 
the optical path length of the resonator 1 . As a result, 
resonance modes fomn within the resonator 1 having 
wavelengths, which depend on the optical path length. 
The distance between the gain medium 14 of the laser 
source 30 and the diffractive optical element 40 is cho- 
sen such as to select one of the modes with said specific 
wavelength filter. The back facet 1 6 is partially reflective 
as well, such that a portion of beam 5 can be outcoupted 
here as well. A lens 55 serves for coltimating the out- 
coupled beam. 

[0024] The second resonator end reflector 20 is mov- 
able in a first direction 21 to or from the other optical 
elements within the resonator 1 , in particular the back 
facet 16, for tuning the wavelength of the resonance 
modes. When these wavelengths shift as a result of tun- 
ing, the resonance mode selected by the wavelength fil- 
ter, i.e. the diffractive optical element 40, leaves the 
wavelength filter function and would disappear due to 
being filtered out. 

[0025] The diffractive optical element 40 is provided 
with mobility into a second direction 41 . Thus a move- 
ment of diffractive optical element 40 can be perfonned 
In order to bring it into a distance towards the laser 
source 30, that con^esponds to a focus distance 100 of 
the diffractive optical element 40 valid for the shifted 
wavelength. Thus a movement of diffractive optical ele- 
ment 40 provides a shift of the wavelength filter function, 
such that the resonator wavelength tuning can be cor- 
rected for. As an advantageous result, mode hops can 
be avoided while perfomriing wavelength tuning. 
[0026] Fig. 2 shows a second embodiment of the 
present invention. A ring resonator is defined by first and 
second resonator end reflectors 10, 10', 20, 20', wherein 
a beam 5 of electromagnetic radiation is generated and/ 
or amplified by means of the gain medium 14 and emit- 
ted into the ring-like optical path of beam 5. A diffractive 
optical element 40 is arranged within the optical path of 
the first direction and a colllmating optical lens 55 is ar- 
ranged within the optical path of the second direction. 
The optical path length can be increased by moving the 
set of first resonator end reflectors 1 0, 1 0' into a direction 
11. The diffractive optical element 40 comprising the 
same features as in the first embodiment is arranged 
being movable in direction 41 for adjusting the filter 
wavelength in response to the wavelength tuning. 
[0027] Fig. 3 shows a third embodiment of the present 
invention. A linear resonator is displayed similar to Fig. 
1 . However, the diffractive optical element 40 and the 
second resonator end reflector 20 are represented by 
the same optical device, the diffractive optical element 
40 thus being reflective rather than transmittlve In this 
embodiment. In this embodiment, the image distance 
1 01 is approximately twice the focus distance 1 00 of the 
DOE for geometrical reasons. 

[0028] Since the image distance 1 01 of the diffractive 



optical element as compared with the distance towards 
the laser source provides the filtered wavelength range, 
the first resonator end reflector 1 0 is provided to be mov- 
able in order to give an additional option to tune the res- 

5 onator 1 . The laser source thus does not have a reflec- 
tive back facet in this embodiment. 
[0029] Fig. 4 shows further advantageous embodi- 
ments of diffractive optical elements 40. Both elements 
shown are curved in order to either lengthen or shorten 

10 a focus or image distance with respect to a Fresnel-zone 
plate having the same phase structure dimensions but 
which are an^anged on a plane plate. 



15 Claims 

1 . A wavelength tu nable laser resonator comprising: 

a first resonator end reflector (1 0) for reflecting 
20 a beam (5) of electromagnetic radiation to- 

wards a second resonator end reflector(20), 

said second resonator end reflector (20) for re- 
flecting said beam (5) back towards said first 
25 resonator end reflector (1 0), said first (10) and 

second resonator end reflector (20) defining a 
resonator (1) having an optical path with a 
length, 

30 a gain medium (14) for emitting said beam (5) 

towards said first (10) and second resonator 
end reflector (20), said gain medium (14) being 
arranged within said resonator (1). 



35 a diffractive optk^al element (40) arranged with- 

in said optical path and being adapted for filter- 
ing said beam (5) in wavelength and focusing 
at least a portion of said wavelength-filtered 
beam (5) towards said gain medium (14), 

40 

wherein at least one of said first (10) or said second 
resonator end reflector (20) is arranged to be mov- 
able with respect to other optical elements within 
said resonator (1 ) for increasing or decreasing said 

^5 length of said optical path of said resonator (1 ), and 
wherein said diffractive optical element (40) is ar- 
ranged to be movable with respect to said other op- 
tical elements within said resonator (1) for adapting 
said filtered wavelength to said increase or de- 

50 crease of said length of said optical path. 

2. The resonator of claim 1 , 

wherein said gain medium (1 4) comprises said first 
resonator end reflector (1 0) being arranged as a 
55 back facet (1 6) of said gain medium (1 4), and said 
gain medium (14) having a front surface (12), 
through which said beam (5) is emitted towards said 
second resonator end reflector (20), and 



25 
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wherein said difTractive optical eiement (40) is de- 
signed to transmit said beam (5) being diffracted. 

3. The resonator according to claim 1 , 

wherein said first resonator end reflector (1 0) is ar- 
ranged to be movable with respect to said other op- 
tical elements, and 

said diffractive optical element (40) and said second 
resonator end reflector (20) denote the same optical 
element, which is an^anged to be movable with re- 
spect to said other optical elements. 

4. The resonator according to claim 1 or any one of 
the above claims, 

further comprising a control unit and a drive, each 
for moving said diffractive optical element (40) and 
said at least one of said first (1 0) or second resona- 
tor end reflector (20) for adjusting the position of 
said diffractive optical element (40) within said op- 
tical path in response to an increase or decrease of 
said length of said optical path. 

5. The resonator according to claim 1 or any one of 
the above claims, 

wherein said first and said second resonator end 
reflectors are provided as retro-reflectors such that 
an optical path defining a ring resonator Is fomfied. 

6. The resonator according to claim 5, 

further comprising an optical diode for selecting one 
beam direction to reduce or avoid spatial hole burn- 
ing effects within the gain medium (14). 

7. The resonator according to claim 1 or any one of 
the above claims, 

wherein said diffractive optical element (40) com- 
prises a phase modulation structure for diffracting 
said beam (5). 

8. The resonator according to claim 1 or any one of 

the above claims, 

wherein said diffractive optical element (40) com- 
prises an amplitude modulation structure for dif- 
fracting said beam (5). 

9. The resonator according to claim 1 or any one of 
the above claims, 

wherein said diffractive optical eiement (40) com- 
prises a Fresnel zone plate. 

10. The resonator according to claim 1 or any one of 
the above claims, 

wherein said diffractive optical element (40) com- 
prises a refractive element for additionally refracting 
electromagnetic radiation diffracted by said diffrac- 
tive optical element (40). 

11. The resonator according to claim 1 or any one of 



the above claims, 

wherein said diffractive optical element (40) conv 
prises a diffractive structure having a concave or 
convex spatial structure for providing a particularly 
5 short or long focal distance. 

12. The resonator according to claim 1 or any one of 
the above claims, 

wherein at least said first resonator end reflector 
(10), said gain medium (14), said diffractive optical 
element (40) and said second resonator end reflec- 
tor (20) are arranged in a spatially linear resonator 
substantially within a line without angular redirec- 
tion of said optical path of said beam (5). 

13. Method for tuning a wavelength of a wavelength 
tunable laser resonator (1) comprising a first (10) 
and second resonator end reflector (20), a diffrac- 
tive optical element (40) and a gain medium (14) 
according to any one of the above claims, compris- 
ing the steps of: 

emitting a beam (5) of electromagnetic radia- 
tion by said gain medium (14) within said reso- 
nator (1), 

f omnlng a set of resonance modes of said beam 

(5) within said resonator (1) defined in length 
by said first (1 0) and second resonator end re- 
flectors (20), 

selecting one resonance mode of said beam 
(5), said mode having a wavelength, 

focussing said resonance mode of said beam 
towards said gain medium (14) using said dif- 
fractive optical eiement (40) having an image 
distance to said gain medium (14) with respect 
to said wavelength, 

moving one of the first (1 0) or the second res- 
onator end reflector (20) for Increasing or de- 
creasing the optical path length of said resona- 
tor (1), fortuning the wavelength of said reso- 
nance mode of said beam (5), 

adjusting the position of said diffractive optical 
element (40) in response to said wavelength 
tuning to correct for a different image distance 
of said diffractive optical element (40) with re- 
spect to said tuned wavelength of said reso- 
nance mode. 



15 



20 



25 



30 



35 



40 



45 



50 



2/2/06, EAST Version: 2.0.1.4 



EP 1 329 999 A1 




2/2/06, EAST Version: 2.0.1.4 



EP 1 329 999 A1 




2/2/Oe, EAST Version: 2.0.1.4 



EP 1 329 999 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apf)lication Numbw 

EP 02 81 7446 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of documontwitti indication, where appropriate, 
of relevant paaaagas 



Relevant 

to claim 



CU681RCATION OF THE 
APPUCATION {lfrt.CI.7) 



CASSIDY D T ET AL: "Diffractive optical 
element used in an external feedback 
configuration to tune the wavelength of 
uncoated Fabry-Perot diode lasers" 
JOURNAL OF MODERN OPTICS. 15 JUNE 1999, 
TAYLOR & FRANCIS, UK. 
vol. 46, no. 7, pages 1G71-1078, 
XP809O04345 
ISSN: O950-Q34O 

* page 1072 - page 1077; figures IB, 2 * 

UBACHELERIE M DE ET AL: "MODE-HOP 
SUPPRESSION OF LITTROW GRATING-TUNED 
LASERS" 

APPLIED OPTICS, OPTICAL SOCIETY OF 
AMERICA, WASHINGTON. US, 
vol. 32, no. 3, 

20 January 1993 (1993-01-20), pages 
269-274, XP00O334482 
ISSN: 0003-6935 

* page 269; figure 1 * 

PATENT ABSTRACTS OF JAPAN 
vol. 015, no. 315 (E-1099), 
12 August 1991 (1991-08-12) 
-& JP 03 116992 A (TOSHIBA CORP), 
17 May 1991 (1991-05-17) 

* abstract; figure 1 * 

-/-- 



1-13 



H01S5/14 



1-13 



TECHNICAL PIEIDS 
SEARCHED (intCI.7] 



1,2 



HOIS 
G02B 



Th9 present search report has been drawn up for all claims 



MUNICH 



Owa ol ooffl p tefiori d thftseareh 

5 February 2003 



Harani , R 



& 

8 



CATEGORY OF C/TED DOCUMENTS 

X : parUoularty retevont if taken otone 

Y : portioularty rsbvont if oombin«d with another 

dooument of the same category 
A : teehnotoglcal bftokground 
O : non-written disolosMre 
P : intermediate document 



T : theory or prino'iplB underling the hventkm 
E : earlier patent document, but pubfohed on, or 

after the nong date 
0 : dooumenl cited in the application 
L : document dtad for other reasons 

& : member of the same patent family, oorreaponding 
document 



2/2/06, EAST Version: 2.0.1.4 



EP 1 329 999 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 62 01 7446 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Colegoiy 



Citation ol doeument with Indication, wfliere opprepriato, 
of ralevant passages 



Rslevant 
toolaim 



CLASSIFICATION OF THE 
APPUCATWN (lntCI.7) 



WOODWORTH SEAN C ET AL: "Using 
diffractive optics for tuning 
custom-designed broadband diode lasers" 
CONFERENCE ON LASERS AND ELECTRO-OPTICS 
(CLEG 2O02);LONG BEACH, CA, UNITED STATES 
MAV 19-24 2002, 

20Q2, pages 222-223, XPQ02229280 
Pacif Rim Conf Lasers Electro Opt CLEO 
Tech Dig:Pacific Rim Conference on Lasers 
and Electro-Optics, CLEO - Technical 
Digest 2002 

* page 222; figure 2 * 

EP 0 762 573 A (ANRITSU CORP) 
12 March 1997 (1997-03-12) 

* abstract; figure 1 * 

* page 6, line 32-55 * 

US 5 651 018 A (LANG ROBERT J ET AL) 
22 July 1997 (1997-07-22) 

* column 15, line 29 - column 16, line 18; 
figures 31,32 * 

STONE T ET AL: "HYBRID 
DIFFRACTIVE-REFRACTIVE LENSES AND 
ACHROMATS" 

APPLIED OPTICS, OPTICAL SOCIETY OF 

AMERICA, WASHINGTON, US. 

vol. 27. no. 14. July 1988 (1988-07), 

pages 2960-2971, XP0O2932475 

ISSN: 0003-6935 

* abstract; figure 1 * 

DE 40 05 247 A (JENOPTIK JENA GMBH) 
6 December 1990 (1990-12-06) 

* abstract; figure 1 * 



-/■ 



1-7, 

10-13 



3.4 



5.6 



10 



11 



The present search report has been drawn up for aJI claims 



TECHNICAL FtELDS 
SEARCHED (IntCLT) 



i 

a. 

8 
8 



Plac« of March 

MUNICH 



Dat* ol connplation oi th» OMich 

5 February 2003 



Marani, R 



CATEGORY OF OITED DOOUMEISTTS 

X : particularty ratovsnt if iakan alone 

Y parliouMy relevant if oetnbined with another 

doeumeDt of tha game oatagory 
A : tachnologtoat background 
O : non-written diaeloeura 
P : infeennedlota dooumant 



T : theory or princ'pie undeiiying the inventbn 
E : Aoriier patent document, but publbhad on, or 

after the fiRng dote 
0 : doeument oited in the epplbation 
L : document oJted for othar reasons 

& : menibar of the some patent family, oorreapon^g 
daeumeni 



2/2/06, EAST Version: 2.0.1.4 



EP 1 329 999 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 02 01 7446 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citatton of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPUCATION OntCI.7) 



LEVIN L: "Mode-hop-free electro-optically 
tuned diode laser" 

OPTICS LETTERS. 15 FEB. 2Q02. OPT. SOC. 
AMERICA, USA, 

vol. 27, no. 4. pages 237-239, 

XPO01122O39 

ISSN: 0146-9592 

* page 237 - page 238; figure 1 * 

SAMUELS U ET AL: "Precise wavelength 
tuning of a dye laser using an active 
diffractive optical element" 
OPTICS AND LASER TECHNOLOGY, ELSEVIER 
SCIENCE PUBLISHERS BV.. AMSTERDAM. NL. 
vol. 28, no. 6, 

1 September 1996 (1996-09-01), pages 
423-429, XP004026277 
ISSN: 0030-3992 
the whole document 

PATENT ABSTRACTS OF JAPAN 

vol. 016. no. 288 (E-1223), 

25 June 1992 (1992-06-25) 

& JP 04 072781 A (MITSUBISHI ELECTRIC 

CORP), 6 March 1992 (1992-03-06) 

* abstract; figure 1 * 



1,3 



1-4 



1-3 



TECHNICAL FIELDS 
SEARCHED (InLCl.T) 



The present search report has been drawn up for all claims 



8 
I 
9 
8 



Plan of Msrch 

MUNICH 



Data ot oomplelion of the itai^ 

5 February 2003 



Marani, R 



CATEGORY OF CriED DOCUMENTS 

X : partlouiari/ ralevant if taken oiono 
Y : partleularV relevant if fiorrhin«d with anotha 
doGumant of th« «un« category 

A : teohnologioal bAckground 

O : rcrvwritlen diaoio«ure 

P : intermediate dooument 



T : thecvy or principle underlying lha invantion 
E : earlier patent dooumeni, but piMshed on, or 

aftarthafSingdaia 
D ; dofiumant oitad In tha applieafion 
L : documaiA dted for other n 



& : mennfacr of the some patent ramlly, oorreepontfing 

document 



2/2/06, EAST Version: 2.0.1.4 



EP 1 329 999 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 02 01 7446 



This ann9X lists the patent family memtiere relating to th« patent documents cited in the above-mentioned European search report. 
The meml>ers are as contained in the European Patent OHiee EDP file on 

The European Patent Office is in no way lialsle forthsse particulars wliich are merely given forthe purpose of information. 

05-02-2003 



Patent document 
olted in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



JP G3116992 



17-05-1991 NONE 



EP 0762573 A 


12-03- 


•1997 


JP 


9064439 A 


07-03-1997 








DE 


69620962 Dl 


06-06-2002 








DE 


69620962 12 


14-11-2002 








EP 


0762573 Al 


12-03-1997 








US 


6141360 A 


31-10-2000 


US 5651018 A 


22-07- 


1997 


US 


5537432 A 


16-07-1996 








us 


53923G8 A 


21-02-1995 








US 


5914978 A 


22-06-1999 








us 


5592503 A 


07-01-1997 








us 


5499261 A 


12-03-1996 








us 


5602864 A 


11-02-1997 








us 


RE37354 El 


04-09-2001 








us 


RE37051 El 


13-02-2001 








us 


5864574 A 


26-01-1999 








us 


5696779 A 


Q9-12-1997 








us 


5703897 A 


30-12-1997 








us 


5894492 A 


13-04-1999 


DE 4005247 A 


06-12- 


1990 


OD 


294619 A7 


10-10-1991 








DE 


4005247 Al 


06-12-1990 








FR 


2647974 Al 


07-12-1990 


JP 04072781' A 


06-03- 


1992 


NONE 







For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



2/2/06, EAST Version: 2.0.1.4 



